The study of the migration characteristics of turbulent jets has become relevant as they are used in a variety of engineering devices and are encountered in combustion, chemical processes, and processes involving cooling, mixing, and drying. In several applications, especially in the case of hot streaks in gas turbines, the knowledge of mixing phenomena becomes crucial from a design perspective. The purpose of this study is to look into the characteristics of a round hot jet in a parallel air flow. A jet of hot air injected through a nozzle into a flow of cold air has been considered. Numerical simulations were carried out with different hot jet temperatures and two different Reynold's numbers, thus aiming at understanding the effect of initial conditions on the mixing of the jet. The temperature profiles were studied at different sections downstream of the nozzle. The results are presented in non-dimensional form.
Introduction
The mechanics of turbulent jets is of great interest for researchers because of the abundance of its applications. The study of turbulent jets branches into twothe study of free shear flows and the study of impinging jets. Jets impinging on a solid surface are seen in the cooling of turbine blades, drying of paper and fabric, furnace heating, tempering of glass and metal sheets, electronic chip cooling, food processing, etc. Free shear flows, on the other hand, find application in gas In gas turbines, for instance, mixing characteristics of hot jets need to be studied. The work output of a gas turbine for a given quantity of fuel can be increased by increasing the temperature of the inlet gas. However, increase in the inlet temperature also means increased surface temperature of airfoils, thus making them susceptible to heat fatigue and subsequent failure. To control the high-temperature, a cooling system has to be used. Optimum design of the cooling system requires the knowledge of migration characteristics of the hot jet and of parallel air flow [3] . There have been many studies regarding impingement of jets on an endplate [4] [5] . There have also been studies in the mixing of a confined jet in crossflow [6] , studies investigating the effects of initial conditions on the characteristics of a jet [7] and on water droplets injected on an air stream [8] . The study of free shear jets has received more attention in the past decade, with several experimental studies being made in the field with specific reference to their application in gas turbine engines [9] [10] [11] .
Migration characteristics of a free shear flow may be studied by using temper- 
Experimental Details
An experimental study on the characteristics of a round hot jet [14] used the experimental setup illustrated in Figure The results were presented in terms of a normalised temperature ratio θ defined as
where T hj was the peak temperature of the hot jet measured at the nozzle exit, T was the measured temperature at the point and T ∞ was the free stream temperature.
The results obtained in the study were used for the purpose of comparison with the results obtained from the numerical simulation.
Numerical Simulations
The governing equations for the problem are the continuity Equation (1), momentum Equation (2), and energy Equation (3). The turbulence model used is the Spalart-Allmaras model (4) and the corresponding equations are given below:
Meshing and Boundary Conditions
Meshing was done using ANSYS ICEM-CFD. The inlet was divided into hot jet inlet and main flow inlet for the entry of the high-temperature jet and the low temperature main flows respectively. These inlets were specified as velocity inlets in ANSYS FLUENT, which was used to solve the problem.
The boundary conditions are shown in Figure 3 . The velocity of the hot jet was specified as 15 m/s and that of the main flow as 19 m/s to counteract the change in velocity due to temperature effects. Turbulent intensity was set as 1%.
Spalart-Allmaras model was used, and air was considered to be an ideal gas.
The temperature of the hot jet inlet was varied between the 343 K and 383 K.
The temperature of the main flow inlet was set to be the ambient value of 295 K.
The wall temperature was also set as 295 K. The outlet was specified as a pressure outlet and the backflow turbulent intensity was set as 1%. 
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Results and Discussion
Temperature Profiles at Different Axial Positions
The thermal field downstream of the nozzle was investigated. Horizontal and vertical temperature profiles are presented in terms of normalized temperature ratio θ at different axial positions in Figure 6 . The temperature profiles were compared to mean normalised temperature profile for different hot jet temperatures. It can be seen that there is a good match between the experimental and numerical results. The peak values of θ are found to be slightly higher in the case of numerical simulations, probably due to the fact that in an experimental setup, there might be heat transfer from the side walls to the surroundings, which is absent in the case of numerical simulations.
The temperature profiles were compared to the mean normalised temperature profile for different hot jet temperatures. It was observed that the normalized temperature profile was the same irrespective of the initial temperature of the hot jet.
While temperature definitely decreases as one goes downstream, it can also be observed that the region of varying temperature profile tends to spread wider in 
Axial Decay of Temperature
The axial decay of temperature is shown in Figure 8 . Temperature data is taken from the flow developing region, that is, the near field and the intermediate field.
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Conclusion
A computational study has been performed on a hot jet surrounded by a parallel air flow. The temperature profiles at various sections downstream of the nozzle were studied to understand the spreading and mixing of the jet. It was observed that the normalized temperature profiles were independent of the initial tem- 
